Previous reviews1,2) have summarized the mechanisms and theories of freeze denaturation of fish protein using a model system of myosin, actomyosin, and myofibrils. But tkus3) stated that the extent of insoluble myosin aggrega tion (in rainbow trout and rabbit myosin in the presence of 0.45 M KCl) reached a maximum near the eutectic point of KCl solution. The reason was due to the concentration of unfrozen KCl solution that was yielded in the temperature range above the eutectic point. Okada et al.4) and Inoue et al.5) reported a similar phenomenon in ATPase inactiva tion using a 0.6 M KCl-myosin B solution containing 20 mm Tris-maleate buffer (pH 7.0). Takahashi et a1.6) com pared the extent of Ca-ATPase inactivation of carp my ofibrils among 13 kinds of salts with different eutectic points, and found that the cause of freeze denaturation could not be explained on the basis of the eutectic point of these salts. These results did not agree with those of Snow's, where solubility was used as an index of protein denaturation.7) The explanation for this apparent dis crepancy is not clear at this time. However, it seems to be ascribable to the differences in experimental conditions and interpretation of the index.
When freeze denaturation is accelerated in the presence of salts, both the concentration (or ionic strength) and the amount of unfrozen salt solutions should be considered. KCl may be one particular salt where the temperature of maximum myofibrillar Ca-ATPase inactivation nearly coincided with the eutectic point. On the other hand, it is described8) that protein molecules may move closer together and aggregation subsequently occur (decrease in solubility) with a very small amount of unfrozen solution. When the denaturation indices of myosin B under low ion ic strength conditions (0.1 M KCl) were compared with those under high ionic strength conditions (0.6 M KCl), the decrease in solubility did not agree with the decrease in AT Pase activity.9) It seems that the causes of freeze denatura tion must be different. It is therefore possible that maldis tribution and subsequent aggregation of protein molecules caused by ice crystallization and the small amount of un frozen solution are related to the decrease in protein solu bility, whilst the small amount of concentrated unfrozen salt solution upon freezing is related to the inactivation of ATPase. It has been reported10) that the aggregated insolu ble fraction of frozen surimi should not be separated as a denaturation fraction in order to quantitatively evaluate frozen surimi, as it still has ATPase activity. In such cases, it has been demonstrated that the amount of actomyosin in surimi is determined as Ca-ATPase total activity and the quality of frozen surimi is then evaluated. The objec tive of the present study was to demonstrate the effect of unfrozen solution yielded during frozen storage on myo fibrillar ATPase activity and solubility. Storage tempera ture and buffer concentration of sample solutions were changed to obtain different amounts of unfrozen solution and concentrations. Assay of A TPase Activity and Calculation of Allocated Myosin B A TPase ATPase activity was assayed using the method of Takatori et al.13) for both the total fraction and super natant fraction. The allocated activity of myosin B AT Pase in both the supernatant fraction and the precipitate fraction was calculated using the following formulas (1) (3). This idea was based on the method proposed by Kawashima et al.10) where the amount of actomyosin in frozen surimi was calculated as Ca-ATPase total activity. However, in this study, allocated activity was shown as the amount of phosphate liberated by I mg protein of the total fraction for 1 min. 
Determination of Surface Hydrophobicity and pH
The surface hydrophobicity of the total and supernatant fractions was estimated by the method of Kawai et al. 14) using ANS (1-anilino-8-naphthalene sulfonate, amMoni um salt, Wako Pure Chemical Industries) as a fluorescent probe. The pH of the homogenized suspension after thaw ing was measured with a pH meter (Horiba H-7SD).
Results pH
Hardly any changes in pH were observed throughout the frozen storage, and the pH was only slightly decreased in the early stages of 5 and 20 mM Tris (Fig. 1) . The pH of 0 mM Tris without buffer was 6.8 at day 0 storage. One pos sible reason for this was that the pH could be stabilized by the buffer action of myofibrillar protein itself. No change in pH values occurred during subsequent storage for up to 7 weeks. A TPase Specific Activity Each ATPase specific activity (hereafter ATPase act ivity) in the total fraction is shown in Fig. 3A-D 7) . Therefore, the allocated activity in the total frac tion ( Fig.  3D) was caused by the activity of the precipitate Storage conditions and symbols are the same as in Fig. 1 . Panels and activity unit are as in Fig. 4 .
fraction. The allocated activity of the supernatant fraction at day 0 storage was less than that of the total fraction. Such a phenomenon was not observed for the three other kinds of ATPase activities in the supernatant fraction at day 0 storage. Therefore, it appears that the activity of the samples was decreased before assaying, although the rea son for this is not clear (the allocated activity in the precipitate fraction is therefore represented as 0 in Fig. 7 ).
Surface Hydrophobicity
The fluorescence intensity increased within the 1st or 2nd week of storage in the total fraction in all cases, and the values remained constant during the subsequent storage period (Fig. 8) . No differences in increasing inten 
